
Geometry 4-3 Study Guide: Angle Relationships in triangles (pp 231-238)
Page �  of �1 10

Attendance Problems. 
1. Find the measure of exterior !  of !  if !  and 
! . 

2. What is the complement of an angle with measure 17°? 

3. How many lines can be drawn through N parallel to !  Explain 
why.  

• I can find the measures of interior and exterior angles of triangles. 
• I can apply theorems about the interior and exterior angles of triangles.  

CC.9-12.G.CO.10 Prove theorems about triangles. 

Q: How many feet are in a yard?  
A: It depends on how many people are in the yard! 

 RDBA  VBCD,  mRDBC = 30°, mRC = 70°,
 mRD = 80°

MP?

Vocabulary

auxiliary line corollary interior

exterior interior angle exterior angle

remote interior angle
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!  

An auxiliary line is a line that is added to 
a figure to aid in a proof. 

!  

Who uses this?
Surveyors use triangles 
to make measurements 
and create boundaries. 
(See Example 1.)

Triangulation is a method 
used in surveying. Land is 
divided into adjacent triangles. 
By measuring the sides and 
angles of one triangle and 
applying properties of triangles, 
surveyors can gather information 
about adjacent triangles.

The sum of the angle measures of a triangle is 180°.

 m∠A + m∠B + m∠C = 180°

Triangle Sum Theorem

The proof of the Triangle Sum Theorem uses an auxiliary line. An  auxiliary line  
is a line that is added to a figure to aid in a proof.

PROOFPROOF  Triangle Sum Theorem

Given: △ABC 

A C

B
ℓ

1 3

24 5Prove: m∠1 + m∠2 + m∠3 = 180°

Proof:

Parallel Post.

Alt. Int. ! Thm.

Draw ℓ ∥ AC through B.

∠1 $ ∠4

Alt. Int. ! Thm.

∠3 $ ∠5

Def. of $ !

m∠1 = m∠4

Def. of $ !

m∠3 = m∠5

∠ Add. Post. & def. of straight ∠

m∠4 + m∠2 + m∠5 = 180˚

Subst.

m∠1 + m∠2 + m∠3 = 180˚

Angle Relationships 
in Triangles

Objectives
Find the measures of 
interior and exterior 
angles of triangles.

Apply theorems about 
the interior and exterior 
angles of triangles.

Vocabulary
auxiliary line
corollary
interior
exterior
interior angle
exterior angle
remote interior angle

This engraving shows the county 
surveyor and commissioners laying 
out the town of Baltimore in 1730.
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 Theorem 4-3-1
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An auxiliary 
line used in the 
Triangle Sum 

Theorem 
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Video Example 1: Use the diagram to find the following measures. 
A. !    B. ! .  mRCBD.  mREAB
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!  

70° 

104° 

88° 48° 

1E X A M P L E  Surveying Application

 The map of France commonly 
used in the 1600s was significantly 
revised as a result of a triangulation 
land survey. The diagram shows 
part of the survey map. Use the 
diagram to find the indicated 
angle measures.

A  m∠NKM
m∠KMN + m∠MNK + m∠NKM = 180° △ Sum Thm.

Substitute 88 for m∠KMN 
and 48 for m∠MNK.

Simplify.

Subtract 136 from both sides.

 88 + 48 + m∠NKM = 180

 136 + m∠NKM = 180
 m∠NKM = 44°

B  m∠JLK
Step 1 Find m∠JKL.

m∠NKM + m∠MKJ + m∠JKL = 180° Lin. Pair Thm. & ∠ Add. Post.

Substitute 44 for m∠NKM 
and 104 for m∠MKJ.

Simplify.

Subtract 148 from both sides.

 44 + 104 + m∠JKL = 180

 148 + m∠JKL = 180
 m∠JKL = 32°

Step 2 Use substitution and then solve for m∠JLK.
m∠JLK + m∠JKL + m∠KJL = 180° △ Sum Thm.

Substitute 32 for m∠JKL and 
70 for m∠KJL.

Simplify.

Subtract 102 from both sides.

 m∠JLK + 32 + 70 = 180

 m∠JLK + 102 = 180
 m∠JLK = 78°

 1. Use the diagram to find m∠MJK.

A  corollary  is a theorem whose proof follows directly from another theorem. 
Here are two corollaries to the Triangle Sum Theorem.

COROLLARY HYPOTHESIS CONCLUSION

 The acute angles of 
a right triangle are 
complementary.

D

F E

∠D and ∠E are 
complementary.

m∠D + m∠E = 90°

 The measure of 
each angle of 
an equiangular 
triangle is 60°.

A

B C

m∠A = m∠B = m∠C = 60°

 Corollaries

4-3-2

4-3-3

You will prove Corollaries 4-3-2 and 4-3  -3 in Exercises 24 and 25.

232 Chapter 4 Triangle Congruence
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Example 1. After an accident, the positions of cars are measured by law 
enforcement to investigate the collision. Use the 
diagram drawn from the information collected to find 
the angle measures. 

A.    B.  

4. Guided Practice. Use the diagram to find !  

A corollary is a theorem whose proof follows directly 
from another theorem. Here are two corollaries to the 
Triangle Sum Theorem. 

!  

 mRXYZ.  mRYWZ.

 mRMJK .
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Video Example 2. One of the acute angles of a right triangle measures 15.3o. What 
is the measure of the other acute angle? 

!  

Example 2. One of the acute angles in a right triangle measures 2x°. What is the 
measure of the other acute angle? 

Guided Practice.  
5. The measure of one of the acute angles in a right triangle is 63.7°. What is the measure of the 
other acute angle? 

6. The measure of one of the acute angles in a right triangle is x°. What is the measure of the 
other acute angle? 

2E X A M P L E  Finding Angle Measures in Right Triangles

 One of the acute angles in a right triangle measures 22.9°. What is the 
measure of the other acute angle?
Let the acute angles be ∠M and ∠N, with m∠M = 22.9°.
m∠M + m∠N = 90 Acute " of rt. △ are comp.

Substitute 22.9 for m∠M.

Subtract 22.9 from both sides.
22.9 + m∠N = 90

 m∠N = 67.1°

 The measure of one of the acute angles in a right triangle is 
given. What is the measure of the other acute angle?

 2a. 63.7° 2b. x ° 2c. 48  2 _ 
5

  °

The  interior  is the set of all points inside the figure. The  exterior  is the set 
of all points outside the figure. An  interior angle  is formed by two sides of 
a triangle. An  exterior angle  is formed by one side of the triangle and the 
extension of an adjacent side. Each exterior angle has two remote interior angles. 
A  remote interior angle  is an interior angle that is not adjacent to the 
exterior angle.

Interior

Exterior2

1 3 4

∠4 is an exterior angle. 
Its remote interior 
angles are ∠1 and ∠2.

The measure of an exterior angle of a triangle is equal  
to the sum of the measures of its remote interior angles.

 m∠4 = m∠1 + m∠2

Exterior Angle Theorem

You will prove Theorem 4-3-4 in Exercise 28.

3E X A M P L E  Applying the Exterior Angle Theorem 

126˚

(6x - 1)˚

(5x + 17)˚

H

J
F G

 Find m∠J. 
m∠J + m∠H = m∠FGH Ext. ∠ Thm.

Substitute 5x + 17 
for m∠J, 6x - 1 
for m∠H, and 126 for m∠FGH.

Simplify.

Subtract 16 from both sides.

Divide both sides by 11.

5x + 17 + 6x - 1 = 126

 11x + 16 = 126
 11x = 110
 x = 10
m∠J = 5x + 17 = 5  (10)  + 17 = 67°

 3. Find m∠ACD. A

B C D

(2z + 1)˚

(6z - 9)˚

2

1 3 4

 Theorem 4-3  -4

4-3 Angle Relationships in Triangles 233
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7. The measure of one of the acute angles in a right triangle is ! . What is the 

measure of the other acute angle? 

The interior is the set of all points inside the figure. The 
exterior is the set of all points outside the figure.  

An interior angle is formed by two sides of a triangle. An 
exterior angle is formed by one side of the triangle and 
extension of an adjacent side. 

!  
Each exterior angle has two remote 
interior angles. A remote interior angle 
is an interior angle that is not adjacent to 
the exterior angle. 

!  

48 2
3
°

Interior 

Exterior 

<4 is an exterior angle.  

<3 is an interior angle.  

Interior 

Exterior 

Interior 

Exterior 

<3 is an interior angle.  

<4 is an exterior angle.  
The remote interior 
angles of <4 are <1 
and <2. 
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Video Example 3. Find !  

!  

Example 3. Find !  

8. Guided Practice. Find !  

4-3 Angle Relationships in Triangles  (p 236) 15, 17-20. 

 mRH .

2E X A M P L E  Finding Angle Measures in Right Triangles

 One of the acute angles in a right triangle measures 22.9°. What is the 
measure of the other acute angle?
Let the acute angles be ∠M and ∠N, with m∠M = 22.9°.
m∠M + m∠N = 90 Acute " of rt. △ are comp.

Substitute 22.9 for m∠M.

Subtract 22.9 from both sides.
22.9 + m∠N = 90

 m∠N = 67.1°

 The measure of one of the acute angles in a right triangle is 
given. What is the measure of the other acute angle?

 2a. 63.7° 2b. x ° 2c. 48  2 _ 
5

  °

The  interior  is the set of all points inside the figure. The  exterior  is the set 
of all points outside the figure. An  interior angle  is formed by two sides of 
a triangle. An  exterior angle  is formed by one side of the triangle and the 
extension of an adjacent side. Each exterior angle has two remote interior angles. 
A  remote interior angle  is an interior angle that is not adjacent to the 
exterior angle.

Interior

Exterior2

1 3 4

∠4 is an exterior angle. 
Its remote interior 
angles are ∠1 and ∠2.

The measure of an exterior angle of a triangle is equal  
to the sum of the measures of its remote interior angles.

 m∠4 = m∠1 + m∠2

Exterior Angle Theorem

You will prove Theorem 4-3-4 in Exercise 28.

3E X A M P L E  Applying the Exterior Angle Theorem 

126˚

(6x - 1)˚

(5x + 17)˚

H

J
F G

 Find m∠J. 
m∠J + m∠H = m∠FGH Ext. ∠ Thm.

Substitute 5x + 17 
for m∠J, 6x - 1 
for m∠H, and 126 for m∠FGH.

Simplify.

Subtract 16 from both sides.

Divide both sides by 11.

5x + 17 + 6x - 1 = 126

 11x + 16 = 126
 11x = 110
 x = 10
m∠J = 5x + 17 = 5  (10)  + 17 = 67°

 3. Find m∠ACD. A

B C D

(2z + 1)˚

(6z - 9)˚

2

1 3 4

 Theorem 4-3  -4

4-3 Angle Relationships in Triangles 233
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 mRB.

 mRACD.
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!  
Video Example 4. Find !  

 

 mRX&mRM .

THEOREM HYPOTHESIS CONCLUSION

If two angles of one triangle 
are congruent to two angles 
of another triangle, then 
the third pair of angles 
are congruent.

L
R

N
T

M

S
∠N " ∠T

Third Angles Theorem

4E X A M P L E  Applying the Third Angles Theorem

 Find m∠C and m∠F. 
 ∠C " ∠F Third # Thm.

Def. of " #.

Substitute  y  2  for m∠C 
and 3 y  2  - 72 for m∠F.

Subtract 3 y  2  from both sides.

Divide both sides by -2.

m∠C = m∠F
  y  2  =  3y  2  - 72

  -2y  2  = -72
  y  2  = 36
So m∠C = 36°.
Since m∠F = m∠C, m∠F = 36°.

 4. Find m∠P and m∠T. 

S

T

R

P

M

N

 (  2x 2 )  ̊

(  4x 2  -  32)  ̊

You can use 
substitution to verify 
that m∠F = 36°. 
m∠F  =  (3·36 - 72)  

= 36°.

THINK AND DISCUSS
 1. Use the Triangle Sum Theorem to explain why the supplement of one 

of the angles of a triangle equals in measure the sum of the other two 
angles of the triangle. Support your answer with a sketch.

 2. Sketch a triangle and draw all of its exterior angles. How many exterior 
angles are there at each vertex of the triangle? How many total exterior 
angles does the triangle have?

 3. GET ORGANIZED Copy and complete the graphic organizer. 
In each box, write each theorem in words and then draw a diagram 
to represent it.

Theorem Words Diagram

Triangle Sum Theorem

Exterior Angle Theorem

Third Angles Theorem

A

F

B C

D E

 (  y 2 )  ̊

(  3y 2  -  72)  ̊

 Theorem 4-3  -5

You will prove Theorem  4 - 3 -5 in Exercise 27.

234 Chapter 4 Triangle Congruence
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Example 4. Find !  

9. Guided Practice. Find !  

4-3 Angle Relationships in Triangles  (p 236) 15, 17-22, 24, 29, 33, 38, 39. 

 mRK &mRJ.

 mRP&mRT .


